INTRODUCTION
Cell lines are an indispensable, renewable resource for numerous studies in various fields of modern biology and medicine (1) (2) (3) (4) (5) . It is commonly assumed that the cell features in a particular cell line and those in the human tissue from which this line originated are similar. However, most human cell lines are prone to various sorts of genetic rearrangements that affect biochemical, regulatory, and other phenotypic features of cells during their cultivation (6) . Various chromosomal abnormalities, including aneuploidy, numerous rearrangements, and loss of chromosome regions, are characteristic alterations of cell genomes, especially if the cells are of tumor origin (7, 8) . Therefore, it would be very useful to permanently monitor the authenticity of the cell lines and/or to have a comprehensive set of standard tests for confirming the cellular identity. Routinely used descriptions of established cell lines include their origin and cultivation conditions, but this can be insufficient. Appropriate tests should be performed to authenticate the cell line identity. To test the identity, phenotypic (e.g., morphological analysis) or genotypic characteristics can be used. In many cases, isoenzyme analysis may be applied to identify the cell line species of origin. An alternative strategy would be to demonstrate the presence of unique markers, for example, by using banding cytogenetics to detect a unique marker chromosome or DNA analysis to detect a genomic polymorphism pattern (e.g., restriction fragment-length polymorphism, variable number of tandem repeats, or genomic dinucleotide repeats). Expression of a particular product may represent a complementary approach for confirmation of identity. At present, several types of tests, including those for tissue-specific marker expression, detection of a karyotype, and chromosome aberrations by G-banding or by fluorescence in situ hybridization (FISH), are in rather common use for characterization of distinct cell lines (9) . Modern approaches for more scrupulous examination of cell lines also include multiplex-FISH (M-FISH), spectral karyotyping (SKY), comparative genomic hybridization (CGH), fluorescence immunophenotyping and interphase cytogenetics as a tool for investigation of neoplasms (FICTION), and oligonucleotideprimed in situ DNA synthesis (PRINS) (9) (10) (11) (12) . However, these methods are time-consuming and require hightechnology instrumentation. It is highly desirable, therefore, to have a standard set of genomic markers that would allow a fast, reliable, and efficient authentication of the cell line identity.
One type of informative markers could be polymorphic insertions of various retroposons. Insertion polymorphism of retroelements (REs) is now attracting considerable attention. Due to some features, this type of polymorphism seems to be advantageous over the others [single nucleotide polymorphism (SNP) or microsatellites]. These features include a known ancestral state (absence of RE), stability of insertion (there is no special mechanism of removing inserted REs), and relatively easy detection by standard locusspecific PCR assay. Moreover, an event of two independent integrations into one and the same locus is highly improbable (13, 14) .
Here we report a set of polymorphic LINE1 (L1) and Alu markers and its application for genotyping of human cell lines with different phenotypes and of various tissue origins. We demonstrate that each cell line is characterized by a unique pattern of distribution of the RE-containing and not containing alleles that can serve as a fingerprint for the cell line. We also believe that the data obtained will be of use for hybrid cell production and characterization.
MATERIALS AND METHODS

Cell Lines and DNA Samples
The human cell lines used in this work were as follows: Tera-1 (human testicular malignant embryonal carcinoma; ATCC, Manassas, VA, USA), Tera-2 (pluripotent human testicular embryonal carcinoma; ATCC), HL-60 (acute promyelocytic leukemia; ATCC), RMS-13 (human fibroblast rhabdomyosarcoma; ATCC), HEK293 (primary human embryonal kidney transformed by human adenovirus type 5 DNA; ATCC), HeLa (human epithelial adenocarcinoma; 10 -18 . Therefore, the proposed set of markers provides a reliable tool for cell line identification. ATCC), HT1080 (human epithelial fibrosarcoma; ATCC), and Jurkat (acute T cell leukemia; ATCC). These cell lines were obtained from the collection of the Institute of Cytology, St. Petersburg, Russia and maintained as recommended. Cell lines NGP-127 (neuroblastoma) and OsA-CL (osteocarcoma) were kindly provided by Paul S. Meltzer (NHGRI, NIH, Bethesda, MD, USA). Additional human DNA samples were isolated from individual human placentas, and nonhuman DNA samples were isolated from chimpanzee (Pan troglodytes) peripheral blood lymphocytes. All DNA samples were obtained using proteinase K digestion and phenol extraction as described elsewhere (15) .
Human cell lines are an indispensable tool for functional studies of living entities in their numerous manifestations starting with integral complex systems such as signal pathways and networks, regulation of gene ensembles, epigenetic factors, and finishing with pathological changes and impact of artificially introduced elements, such as various transgenes, on the behavior of the cell. Therefore, it is highly desirable to have reliable cell line identification techniques to make sure that the cell lines to be used in experiments are exactly what is expected. To this end, we developed a set of informative markers based on insertion polymorphism of human retroelements (REs). The set includes 47 pairs of PCR primers corresponding to introns of the human genes with dimorphic LINE1 (L1) and Alu insertions. Using locus-specific PCR assays, we have genotyped 10 human cell lines of various origins. For each of these cell lines, characteristic fingerprints were obtained. An estimated probability that two different cell lines possess the same marker genotype is about
Oligonucleotides
Primers for genomic PCR and L1-specific primers were designed using the Primer 3.0 (www-genome.wi.mit. edu/cgi-bin/primer/primer3_www.cgi) software. The primer pairs for genomic PCR are shown in Supplementary Table  S1 , which can be seen at the BioTechniques' web site at www.BioTechniques. com. Oligonucleotide primers for PCR amplification were synthesized using an ASM-102U DNA synthesizer (Biosset Ltd., Novosibirsk, Russia).
PCR Amplification
PCR amplification of 26 individual L1 and 21 Alu elements was performed in 25-µL reaction volumes that contained 20-50 ng genomic DNA, 10 pmol each of oligonucleotide primers, 125 µM each of dNTPs, 16.6 mM (NH 4 ) 2 SO 4 , 67 mM Tris-HCl buffer, pH 8.8, 1.5 mM MgCl 2 , and 0.5 U Taq DNA polymerase (SibEnzyme, Novosibirsk, Russia). The strategy of locusspecific PCR is illustrated in Figure  1 and described in the Results and Discussion section. Apart from primers corresponding to 5′ (G-forward) and 3′ flanks (G-reverse) of RE integration sites, Ta L1-specific primers were used in several cases. L1-forward primer (5′-GGAGATATACCTAATGCTAG-ATGACACA-3′) corresponded to the 3′ untranslated region (UTR) of the Ta L1Hs consensus sequence, whereas L1-reverse primer (5′-GCTGTTCCTATTC-GGCCATCT-3′) was complementary to the outermost 5′ end of full-size L1Hs elements. DNA in each reaction mixture was predenatured for 2 min at 95°C and then PCR-amplified for 30 cycles at 95°C for 20 s, at the annealing temperature (specified for each locus in Supplementary Table S1) 
RESULTS AND DISCUSSION
Insertions of L1 and Alu REs were used to choose informative genetic markers for cell line genotyping for several reasons. A subset of the AluY family and L1s of the Ta subfamily retained their retroposition activity up to the present time, so one in every 50 or 200 humans has a new genomic L1 or Alu insertion that occurred in parental germ cells (16) (17) (18) . At least 45% of 500 known Ta L1 insertions and roughly 1200 AluY insertions are thought to be dimorphic in humans and could serve as "identical-by-descent" genetic markers (17) (18) (19) (20) (21) (22) . Several REs polymorphic with respect to the presence or absence of their insertions in individual genomes were located within intronic parts of human genes (23) (24) (25) (26) (27) .
To develop a set of markers, we have selected 47 human genes known to contain dimorphic L1 or Alu insertions within their introns (19, (25) (26) (27) and used these insertions to genotype 10 human cell lines. To detect the presence or absence of RE insertions in each of the loci, a locus-specific PCR assay was used, and RE(+/-) alleles were identified by the length of the corresponding PCR products. The strategy of the PCR assay and various types of PCR products are schematized in Figure 1A . Alu insertions were detected by PCR with unique genomic primers that corresponded to genomic DNA sequences flanking each of the RE integration sites (primers Gforward and G-reverse in Figure 1 , A and B, and in Supplementary Table S1 ).
Since most of Ta L1 elements in the human genome are 5′ truncated, both L1-containing and L1-lacking alleles are amplified during single PCR with a pair of unique primers flanking the insert ( Figure 1A and Supplementary Table  S1 ). The formation of a longer PCR product (P1 in Figure 1A) indicates the presence of an RE insertion in the corresponding DNA locus, while the amplification of an RE-lacking allele results in a shorter PCR fragment (P2 in Figure 1A) . A simultaneous formation of both types of PCR fragments suggests a genotype heterozygous for the insertion. For example, the results presented in Figure  1C indicate (L1+/L1-) heterozygosity at AUTS2 locus in cell lines Tera-2, HeLa, and in one of the placenta samples. The remaining genomes were shown to be (L1-/L1-) homozygous at AUTS2. In the same way, 11 loci containing known and predicted human genes with dimorphic intronic insertions of relatively short truncated Ta L1Hs elements were analyzed (Supplementary Table S1 ).
Fifteen other investigated L1 loci were found to be dimorphic for insertions of 1.7-6 kb long L1 elements (for detail, see Supplementary Table S1 ). Due to the large size of these insertions, successful simultaneous PCR amplification of L1-containing and L1-lacking fragments was rather problematic, which required us to carry out additional parallel amplifications using L1-specific primer(s) and one of the flanking primers. The first of the L1-specific primers corresponded to part of the 3′ UTR L1 sequence and carried at its 3′ end the three nucleotides ACA, characteristic of the Ta subfamily. Loci presumably containing full-size L1 elements were amplified with G-forward flanking specific primer and L1-reverse universal primer against the 5′ UTR of the Ta L1 sequence. PCR amplifications resulted in the formation of P2-, P3-, and P4-type PCR fragments as shown in Figure 1D for the RPIA locus analysis. All 21 AluYs tested in this study demonstrated insertional dimorphism in at least one of 10 investigated genomes.
Supplementary Table S2 shows that, in total, 38 (17 L1 and 21 Alu) RE insertions were found to be polymorphic in the human cell lines. Supplementary Table S2 also presents genotyping patterns characteristic of each tested cell line. Pairwise comparisons of these patterns revealed from 5 (HeLa/ Tera-2) to 26 (HL60/NGP-127), with an average of 18, loci distinguishing one cell line from another. For example, the genomes of Tera-1 and Tera-2 differed in 18 of 47 investigated loci. Taking into account that a diploid cell line may have three genotypes for each locus (+/+, +/-, or -/-) and assuming for simplicity that all these genotypes are equally probable, one can calculate that there can be over 10 18 (1/3 -38 ) unique genotypes differing in combinations of 38 dimorphic loci. Thus, the probability that two different cell lines have identical genotyping patterns is extremely low, and the developed set of polymorphic markers is sufficient to provide an individual fingerprint for any human cell line.
However, as can be seen from Supplementary Table S2 , distribution of three genotypes (+/+, +/-, or -/-) is asymmetric for most loci. Moreover, for routine cell line identification, the number of tested loci can be reduced and restricted to the most informative loci. Therefore, we have developed the following protocol for routine cell line identification using a subset of locus-specific markers for the ABLIM2, ACTG2, AK127695, AMPH, BHC80, BPGM, DSCAM, FLJ21269, GRID2, LAMA2, MYRIP, NF1, NRP1, SEMA3A, SLC25A18, and ZFPM2 genes.
First, 18 tubes are needed for PCR amplification. To 16 of the tubes, add 10 pmol each of G-forward and G-reverse specific primers to amplify fragments of the ABLIM2, ACTG2, AK127695, AMPH, BPGM, DSCAM, FLJ21269, GRID2, LAMA2, MYRIP, NF1, NRP1, SEMA3A, BHC80, SLC25A18, and ZFPM2 genes. To the remaining 2 tubes, add 10 pmol of the L1-forward primer and 10 pmol of the G-reverse primer that corresponds to the FLJ21269 and GRID2 gene loci, respectively. Adjust the volume of the PCR mixture in each tube to 25 µL with 1× PCR buffer containing 125 µM each of four dNTPs, 20 U/mL Taq DNA polymerase, and 0.8-1 µg/ mL of the cell line genomic DNA as template. The amplification reaction is performed as follows: predenaturation at 95°C for 2 min, then 30 cycles at 95°C for 20 s (denaturation), at annealing temperatures (T ann ; see Supplementary Table S3) for 20 s (annealing), and at 72°C for 1 min (elongation). PCR products are analyzed by electrophoresis in 1.2% agarose gels. Genotyping patterns characterizing cell lines of interest are constructed and compared with those of reference genotypes.
An alternative and probably less time-consuming approach to the practical use of the developed cell line fingerprinting might be multiplex locus-specific PCR. In this case, the markers can be subdivided into groups in which the annealing temperature of specific primers should be identical, while the corresponding PCR products 
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should be different in length.
A number of such groups can be formed for the gene loci used here for the fingerprinting. One of them, with a T ann of 60°C, includes the markers of L1-containing genes BPGM, FLJ21269, and GRID2, the amplification products of which can be easily identified among total multi-PCR products, because their lengths are markedly different (592/169/276, 122/224, and 330/360 bp, respectively).
We hope that the markers proposed in this report, the number of which can certainly be increased, will be useful for developing standard sets of genetic signatures to reliably identify human cell lines in laboratory practice. They also can be successfully used for construction of hybrid cell lines and characterization of their genetic content. 
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